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Research Objectives and Potential Impact on Propulsion 


One of the most important issues in 1 due 

the mixing of liquid P ro P^ lla ^ ts h ^ h p| s To address this issue, it is necessary to seek 
to inadequate spays in thrust chamb ’ • . con t ro |ling the liquid jet breakup and 

a good understanding of port ant cha owing t0 the complexity of the 

atomization processes in the dense spray 9 imenta , y measure ments, previous 
phenomena and the difficulty in obta 9 P Qn the dl | Ute re gj 0 n, as identified in 
studies of spray combustion have focu n(1 9 Pr o Cesses in Multiphase Flows with 
the 1988 Workshop on "Mixing and p er ™^9 , university Space Research 
Applications to Propulsion Syfjms. Center and the 1989 V JANNAF Workshop 

Association of NASA Marshall to explore the 

coordinated by Chiu and Gross. ry behavior of the jet boundary surface, core 
characteristics of dense spray, 'nc'udmg the fraction aad velocity distribution. In 

"elfofol'tSese ^Tslmpossible to realistically predict the rates of moons, o. 
liquid propellants and thus engine performance. 

To fill the above technological gaps September 1988 to study the 

combustion, the present research P r °^ ad diaanostic techniques have been 
phenomena of dense spray. wo • ^ y he fj rs t technique involves the use of a real- 
established and employed in the ahioh-sSed CCD Xybion camera and an 

time X-ray radiography system along with ^a processes of the liquid 

advanced digital image P r ° cesa ° nmiect j s ? 0 determine the inner structure of the liquid 
core. The focus of this part of the pro ect s to determine ^ tQ various 

jet and to correlate the core and Weber numbers. The 

controlling parameters such as the n h f a h l h . DO wer Lpper-vapor laser to illuminate 
second technique involves the use °! ah9 .P scatta red light being photographed 
the liquid jet via thin sheets of laser Thjs ^ which 

by a Xybion electronic camera sy^hronized Mto » nano-seconds, enables 
is capable of recording the breakup , . tocus of this part of the 

US to freeze the motions of the l e » and hqu.cl Vnd^to tfscover the 

project is to determine the outer sttudure LfavMttern and the droplet size distribution 
configuration of the surface waves the ^spray P^'^^anced diagnostic 

in the non-dilute region Results obtamed by these * deve iopment and 
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II- Current Status and Results 

region, in the dense spray 
radiography and the laser-illuminated fla«fh nhlf techniques (i.e., the real-time X-ray 
established and employed In Zprofed A & raphy technipues > have been V 
fabricated for this purpose. The i nieSor’con System was desi Qned and 
jet diameter and annSar area similar to that of a *na\e 0f inner 

injector used in this project is of modular des?qn so that S^nnLT^ e,ement - The 
annular gap dimensions can be easily varied 9 ^ ner Jet d,am eter and 

The fluid supply and recovery systen/was as^LhSf 3 9 ' n9 ' appropriate components. 

liquid droplet/ligament motions for all but the ? O wfI?°J 0n ? If completely freeze the 
ratios. Nevertheless, the series of ohmnnrln^ ? ' njected 9as-to-liquid velocity 
information on the physical mechinkmc ^? 5 d,d prov,de useful qualitative 
coaxial gas flow. To upgrade the flash-Dhotooraf h h qU ' d jet breaku P due to the 

and a CCD Xybion electronic camera wem technique, a copper-vapor laser 

duration of ~30 ns, and the camera JISS7SSST 1 recently ' The laser . with a pulse 
50 ms, can be synchronized to produce a th® t,r ”? ran 9 in 9 from 25 ns to 
consisting of a series of comoletelJ -froLn^l P lf f the breaku P event 

system and the optical setup for laser sheet npnprat 0 ^® 5 ’ ^ be * aser beam delivery 
construction. p er s " ee generation are currently under 

conducted us^n^nitJ'o^e^ gas and anT-w^ jets have been successfully 

iodide as the working fluids. The mass flow ratac a 9. ueo ^J s solution of potassium 
calibrated, and were recorded for ^ l,qu,dand gas have been 
form the characteristic Reynolds and Weber numhprT'f® h ® la * lve ve, ocity used to 
typical run involves passing a continued stream of X laLf »h ' ,at ‘ k® analysis of data - A 
near-injector region of the coaxial ipt Wharf ff 1 ?•* X -^ a / s through a section of the 
amount of X-ray 9 attentu^ * **•»«. the greatest 

intensifier are converted to light photons and an Iwllf. h th f , screen of the image 
Xybion electronic camera The outout optlcal . sl 9nal is received by the 

consisting of 30 controlled^ ,n RS - 17 ° video format 

exposure time as short as 25 nr The P ^def « 5 .E ^ nd ’ each picture havin 9 an 
analyzed using the Quantex 9210 didt^Nmanf r? then recorded on tape and 

inner structure, core breakup length and locaUnid°frfS° r determine the liquid jet 
sequence. p 9 . d local void fraction for each frame of the video 

real-time *xfray' radiog rophy te^sts^s^eplcted ?n Fin 6 ^ ^ th f image ana,ysis of the 
single frame from thew'^ 2 ‘ ^ 1a shows a 

equalizes the X-ray image in the selected arnfM * 'analysis procedure that 
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highest void regions assigned * r f di ^ ^greatly 

sex aa-asssi 

distributions across the jet in r b ° Stel^ss the jet taken at an 
streamwise) directionsF'gue 1b '?* defined liquid core. On the other hand 
upstream locatron who » ^ a fa tocaSon downstream ol the core breakup length. 

Fig. 1c is a vertical profile taken at a vo j ds gre evident within the core 

At this location, the liquid core is n ° l ° 9 . th jet cen terline. The large void in the 
region. Figure Id is a horizontal profile ^^S^jSlcales that the core is no 
core depicted by the spike in in which regions falling 

longer intact. Figure 1e is an example* ? d |n this figure, the darkest region 
into a selected range of rad,a "C® dr0D | e ts whereas the shaded region 
includes the liquid >' 9 f m ® nt r s n !!’ d S^onthis isophote result, the core breakup 
represents the intact liquid core. B; determined to be about 5-3/4 inches 

length for this low-pressure test (@ ) coaxial jet at higher gas-to-liquid 

from the injector. A S'mHar 'sophot P £ ^ break Jj P length was found to be 
relative velocity is shown in Fig. . hrpakuD | e nath is evidently due to an 
about 3-1/4 inches. The decrease in the breakup e d 2b y de monstrate the 

increase in the characteristic Reynolds ™ mbb ( r or ^ es ,o the dillerent shades of gray, 
capability of the image processor to assign color vaiu^ varjous regions . Figure 2a 

allowing human eyes to better distingu wbereas Fig 2b corresponds to Fig. If. 

is from the test case of that tenStoMto where the continuous 

datalfase^for the^evelopm^nt^Kf validation oMfquid-rocket-engine performance 
models. 

III. Proposed Work for Coming Year 
The X-ray radiography study 

under open-atmosphere conditions ; wi P obtained so that the liquid core 

results similar to those shown in * Section II w i Reynolds and Weber numbers 

breakup length can be correlated to the ^ rati0 (i . e ., ratio of 
as well as other pertinent parameters such j , ar design of the injector, 

the annular gas flow area to ^ ^ 10 ^^^ breakup study for the 
this area ratio can be easily vaned. To complete ineiiqu.uj flash ^ hotography 

case of injection into a tmosphericpressur,^ pictures of the coaxial jets 

,or,he surtace breakuP 

phenomena in the non-dilute region will be performed. 
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devoted to studying the breakup processes o^^ ■ h COm,ng year wil1 be 

pressure chamber in order to simulate mnJ lull , ! ,n J ected '"to a high- 
environment. An existina hiah^orp^Mrr 1 ?! 6 S° Se f the l,c * uid r <**et engine 
this purpose. The chamber has P a larqe flowareTfoMh 1 chamber wil1 be modified for 
length windows available for the lowe 9 r Dressurell nnn^ ?o develop with full 
will be fabricated for tests up to about 1 000 n<;in nficJ <100 P SI 9)- Smaller windows 
chamber, to be monitored with a pressure in the 
tests by the use of a back-pressure reaulator ?hnrrf- WI ^ eld constant during the 
as a safety precaution in case ^ be inc,uded 

will be added so that the liquid will noMiH ud the collection reservoir 

a surge tank as well. The pressurized w ndnwpd t!cf k l h,S reservoir ma y serv ® as 
both real-time X-ray radiography and laser-assisted fia C ch arT h >e / Wil1 be em P ,0 yed for 
former case, the image processing teSueSbp f asb .P h ° t0 9 raphy studies. In the 
secondary window will be machined aMhetoD^ the K hareas ,n the latter case, a 
>nto the test chamber in order to illuminate he ie 5^*? r t0 direct the ,aser she* 
obtained in the open atmosphere teTts wHi he Sn data anal °9 0 ^ to those 
The correlations deduced from the one atmosphere '!?k'° US chamber Pressures, 
extended to include the effect of vahatten-Tte ^ * Wl be modified and 
atmosphere and high-pressure tests will hp neHn ' m Per pressure. Additional open- 
the correlations. Results includ no the efterfnfpte" 6 ? 1? ^' 1her confirm the validity of 
obtained, which can be direct^ 2pltobte2 Houid 'S? t Chamber pressures *1" *» 
useful guideline for modeling the iet breakup nmro« 6 engines. They will provide a 
empirical input into engine perform^ f as serve as an 

for the coming year is given below. detailed itemized work statement 

’ ' a^pTerfco X n 'Xn a s <)i09raPhy S ' Udy °' COaxial '' el ^P under open- 
2. Correlate liquid core breakup length based on the open-atmosphere data. 

3 co°nd1tions aSer ‘ aSSiS ' ed ,lasl, "P h0,0 9raphy tests under open-atmosphere 


4. Modify the existing windowed test chamber for high-pressure studies. 

5 ' co a nditfons IIOW C °" di,ions insWe the Pressurized chamber at different operating 

6. Conduct X-ray radiography jet-breakup tests in the pressurized chamber. 
Conduct laser-assisted flash photography tests in the pressurized chamber. 
Extend the open-atmosphere correlations to Include elevated pressure effect. 

confirm the'vakdhy o^he^orrelation^ 3 ^ h ' 9h ' pr8ssure les| s !o further 

10 '™' iale m ° del ,0, ™ lali0 " of the two-phase coaxial jet breakup processes. 


7. 

8 . 
9. 
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Figure le. Isophote analysis fo * c “ xla Lj* t ' 

s~k jt Aff srs.sisra , ^E‘i * 

from the injector (1 atm test). 
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the injector. 
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